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Polymerase Chain Reaction (PCR) asalter native method to mouse bioassay for typing of
botulinum neurotoxin-producing clogridia.

De Medici D.*, FeniciaL., Annibdli F., Delibao E., and Aureli P.

Nationd Reference Centre for Botulism, Nationd Centre for Food Qudity and Risk Assessment,
Istituto Supeiore di Sanit”, Roma, ITALY

Botulism is a severe neuropaaliytic disease characterized by flaccid paralysis. Seven
antigenically distinct toxin types (A, B, Cy, D, E, F and G) of the botulind neurotoxins (BoNTS)
have been identified [1]. AlthoughBoNTs are classically produced by Clogridiumbotulinum
since 1979othe BoNT-produang species have been isolated. In particular, Clogridium baratii,
which produes BoNT typeF, has been isolated in the United States and in Hungay Clogridium
butyricum, which produces BoNT typeE, has been isolated in Italy, in Chinaandin India. [2, 3].
Since different species of Clodridia have theability to produe BoNTs, conventiond isolation
and identification of BONTs-produdng clogridia cannotrely solely onthebasis of biochemical
characteristics.

Currently, microbiological methodstake into consderation only C. botulinumspecies, and the
identification procedure induded the confirmation and typing of the BONTs produdion of the
strain by mouse bioassay [4]. This techniqueis highly sengtive and specific, but codly, time-
conauming, laborious raises ethical concern dueto the use of experimental animals, and does not
take in consderation other BoNTs-produdng clogridia. Moreover, efforts have been madeto
develop alternaive methodsto animal testing, as internaiond legidation recommends(Directive
86/609EEC).

Thelnternaiond Organization for Standadisation (1SO) has undelined the need to harmonize
and standadize PCR-based methodsto detect BONTs-produdng clogridia (Resolution 259taken
during the 24™ Meeting of SO TC34 SC9 BWarsaw BJune2005) The development of
molecular biological methodsbased onthe detection of BONTs genes would beideal. Different
PCR methodshave been described for detection of BONTs-produdng clodridiain foodand
clinical samples, and results obtained usng PCR assays to detect neurotoxin gene fragments show
avery highlevel of agreement with those from themouse bioassay [5]. In our experience, where
thetyping of BoNTs-produdng clogridia has been performed for two years usng multiplex PCR
and the confirmation of the produdion of thetoxins usng mouse bioassay hdved the use of the
animalsin ourlaboratory. During this period we have andyzed about400 samples (clinical and
food) usng amodified multiplex conventiond PCR method and the all theresults obtained were
correctly confirmed by mouse bioassay.
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Detection of botulinum neur otoxins using Daphnia magna toxicity test

FeniciaL"., Annibdli F*.,, Bolle P.,> Evandri M.G.%, Martinoli L., and Aureli P.!

!Nationd Reference Centre for Botulism, Nationd Centre for Food Qudity and Risk Assessment,
Istituto Supeiore di Sanit”, Roma, ITALY

?Department of Human Physology and Pharmacology, University Q.a SapienzaQ Roma, ITALY

Botulism isarare disease naturally occurring or caused by accidental or intentiond exposure to
botlinumtoxins(BoNTSs).

BoNTs are agroupof seven (A-G) antigenically distinct metalloproteinase classically produced
by Clogridium botulinum and by rare strains of Clogridiumbaratii and Clogridiumbutyricum
[1]. All thetoxinsexert ther action on thecholinergic system at the presyngptic motor-neuron
termind by blocking acetylcholine tranamission across the neuromuscular jundion, causng
neuromuscular blockade, resultingin flaccid paralysis.

Since the 1970s the therapeutic value of the paralytic potential of BoNTs for thetreatment of
muscular contraction was recognized and BoNT type A and B are now used in over 50
therapeutic and coametic preparations

At present, thecurrently used methodto detect and quantify the BoNTsistheMouse Test tha is
complex, very expendve and entails the use of laboratory animals with ethical issues resulting.
Theam of this study was to assess whethe Daphnia magnawas a sendtive organism to detect
BoNTs. Themicrocrugacean Daphnia magnaStraus besides beng commonly used in standad
toxicity tests as reference species, was reported to have a cholinergic system and contains
cholinoreceptorsidentical (with respect to phamacodynanic parameters) to those in human and
animal organisms [2].

In this preliminary approach the Daphnia magnaacute toxicity test was used. The experiments
were conduded usng cultures of C. botulinumtype A, B and E, and were peformed in
accordance to the | SO Standard 6341 protocol [3] with minor modifications In each test session,
three replicates of treatment concentrations indudng reference blank, and four replicates of
control group were applied. For each replicate, four daphndsless than 24-h old at the beginning
of thetest and coming from athird brood were used.

Results showed tha 300,20, and 80 mouse MLD/ml of type A, B and E BoNTs respectively,
gave a 100% mortality at 48 h in Daphnia magna(reference blank group 0 % mortality).
Specificity of thetoxic effect was asserted exposng daphndsin medium containing botulinum
culture and polyvalent antitoxin.

These results demondrate tha Daphnia magnais sengtive to BoNTs althoughless than the
mou<e. Further investigationsusng chronic toxicity test with end-points different from lethdity
(e.g. motility), could increase the test sengtivity.
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A New Ex-Vivo Assay for Deter mining the Potency of Botulinum Type A Toxin-
Hemagglutinin Complex (Dysport™ ): The Intercogal Neuromuscular Junction (NMJ)
Assay.

Richard France!, Jane McLaren®, Helen Cox’, Lisa Banks', Robin Quirk®, Kevin Shakesheff?,
David Thompsor?, Naveed Panjwani®, Sarah Shipley®, Andy Pickett®.

1. RegenTec Ltd, BioCity, Pennyfoat Street, Nottinghan, NG1 1GF, UK.

2. David Thompson Applied Statistics, Unit 1, Abbey Enterprise Centre, Premier Way, Romsey,
SO519AQ, UK.

3. Ipsen Biopham Ltd, Ash Road North, Wrexham, LL139UF, UK.

Dysport isahighly purified botulinumtype A toxin complex used in awide variety of
indicationswithin neurology, rehabilitation medicine and dermatology since 199Q The accurate
determinaion of potency in clinical application of botulinumtoxins such as Dysport iscritical to
ensure clinical efficacy and safety, and is currently achieved usng alethd dose (LDsp) assay in
mice. Theinaeasing desirability of aternative methodsfor potency testing of botulinumtoxin
therapeuticsiswell established. Asonesuch aternative, we have developed theex-vivo
Intercogal NMJ assay, which uses subdantially fewer animals and does notinvolve the exposure
of live animalsto toxin. The assay recordsthe decay of force from isolated and innevated
intercogal muscle tissue sectionsstimulated electrically, and thuscombines theimportant
mechanisms of receptor binding, trandocation and enzymatic action of thetoxin molecule. Here
we present data from arecent pre-validation study undetaken to determinethe peformance of
theassay (induding accuracy, precision and thereplicate numbers required for routineuse).
Application of toxin to intercogal muscle resultsin theredudion of tissuelifetime in adose
dependant mannea ove a0-60 Ipsen LDs, Unit dose range Statistical andysis has been used to
describetherelationship between applied dos andtissuelifetime. Thisregresson modd allows
the prediction of toxin potency from the measured area unde force decay curves. We show initia
daa demondrating the assay provides accurate and precise results when tested with samples of
well characterised reference batich material. Under the current methoddogy and within acceptable
limits of confidence, potency determinaion of an individud batch of Dysport  requiresa
minimum of 60tissue section replicates, currently achieved usng atotal of 12 animals.

Ethical and Legd Statement: All animal work was conduded in accordance with the UK Animals
(Scientific Procedures) Act 1986
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Validation of Ex-Vivo Assaysfor the Potency Deter mination of Botulinum Toxins: The
Impact of Experimental Variablesin the Intercogal NMJ Assay.

Richard France!, Jane McLaren®, Helen Cox’, Lisa Banks', Robin Quirk®, Kevin Shakesheff?,
David Thompsor?, Naveed Panjwani®, Sarah Shipley®, Andy Pickett®.

1. RegenTec Ltd, BioCity, Pennyfoat Street, Nottinghan, NG1 1GF, UK.

2. David Thompson Applied Statistics, Unit 1, Abbey Enterprise Centre, Premier Way, Romsey,
SO519AQ, UK.

3. Ipsen Biopham Ltd, Ash Road North, Wrexham, LL139UF, UK.

Dysport isahighly purified botulinumtype A toxin complex used in awide variety of
indicationswithin neurology, rehabilitation medicine and dermatology since 199Q The accurate
determinaion of potency in clinical application of botulinumtoxins such as Dysport iscritical to
ensure clinical efficacy and safety, and is currently achieved usng alethd dose (L Dsp) assay in
mice. Theinareasing desirability of alternative methodsfor potency testing of botulinumtoxin
therapeuticsiswell established. We have developed the ex-vivo Intercogal NMJ assay as one
such aternative. TheNMJ assay measures the decay in force generated in electrically stimulated
intercoga muscle tissue sectionsin respong to toxin, and incorporates the combined
mechanisms of action (receptor binding, trandocation and enzymatic action) of thetoxin
molecule. Other ex-vivo methodssuch as those usng isolated phrenic nerve hemi-diaphragm have
been used assess toxin action, butdetails of ther validdion state are undear. Theaims of this
study were to examinetheeffect of varioustest variables on the output of the NMJ assay during a
pre-validaion study usng Dysport . Here we repart the effects of three such variables: animal
weight, theside of animal fromwhich thetissue originaes and the postion of thetissue within
theribcage Using andysis of variance, after correction for other factors these variables are
observed to have small butsignificant influence ontheforce decay curves and the subsequent
predicted potency. Undeastanding and measuring the effect of these and other variables in ex-vivo
assaysiscritical for theandytica method development process and assay validaion.

Ethical and Legd Statement: All animal work was conduded in accordance with the UK Animals
(Scientific Procedures) Act 1986
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Quantification of BONT-A Activity Suppressionin Neuronal Networks Growing on
Microdectrode Arraysin vitro.

Guenter W. Gross,

Department of Biological Sciences and Center for Network Neuroscience, University of North
Texas, Denton. TX.

Spontneoudy active neurond networks cultured on microdectrodearrays (MEAS) can
provide quantitative, multifaceted data on cytotoxicity, fundiond neurotoxicity, and
phamacological efficacy *®, where fundiond neurotoxicity is defined as the loss of network
action potential (AP) produdionin the absence of cytotoxicity. One pregnant mouse with ten
embryoscan seed over 1,000MEASsif several regionsof the central nervoussystem are used.
Each network can suppot oneBoNT assay, providing remarkable animal and tissue utilization
efficiency.

Theprimary respon of these systems to BONT-A isagradud butirreversible redudion
in sponaneousactivity. The minimum conaentration yielding reliable respongs was 2 ng/ml, (13
picoMolar, usng 150kD asthe BoNT-A MW). Abovethislevel, network responses were
assessed at 100ng/ml (n=9), 50 ngml (n=11), 25ng/ml (n=9), and 5 ng/ml (n=7). Delay times
required to reach 50% and 90% activity redudionswere concentration-dependent and could be
approximated by power fundions At 100ng/ml, these values were 2.8 h and 3.1 h, respectively,
andreached 5and 9 h at 10 ng/ml. Antisera provided by VAP in 2001 (stored at -80; C) were
used in 15 experiments. Sera additionsranging from 0.5 to 5% and high conaentrationsof BONT
(50-250ng/ml) were used to ascertain protection. Of these, nine serum samples (selected at
random) provided protection over longmonitoring periods(upto 50 hours).

To peaform such tasks rapidly and efficiently, it is desirable to use multinegwork
platforms for parallel recording usng roboic maintenance. Such platforms have reached the
Qoroof of conoeptOstage unde a Texas Advanced Technology Program grant, but require further
development in thedomains of automated data andysis and effective user interface programs. A
16-network system udngtheindudry-standad 24 well plateisinthedesign stage
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Rat rib cagederived nerve-muscle preparations provide a reproducible tissue sour ce for use
in alternativein vitro potency testing of botulinum toxin preparations

Alexande Hube!

Kevin M Shakesheff'?

Andy Pickett®

!Tissue Engineering Group, School of Pharmacy, University of Nottinghan, UK
’RegenTec Ltd., Nottingham, UK
3 psn Biopham Ltd, Ash Road North, Wrexham, LL13 9UF, UK.

Abdract

Since thar introdudionin theearly 1980s therapeutic Botulinumneurotoxin type A preparations
have foundan increasing nunmber of clinical usesin alargevariety of neuromuscular disorde's
and dermatological conditions These treatments exploit the ability of thetoxin to prevent
neurotranamitter release from mainly cholinergic motor neurons thereby resulting in a weakened
contractile response. Theuse of therapeutic preparationsof accurate potency in the clinical
environment is crudal for correct patient treatment.

Currently, the potency of a preparationis determined by usng the LDs, assay. However,
opeaationd and ethical concernsassodated with this assay have prompted the development of
alterndive assays tha could potentially become replacements. Several different ex vivo muscle-
nerve preparationshave been used to study botulinum intoxification, induding isolated muscle
preparationsof the extensor digitorum longus(EDL), and phrenic nerve-hemidiaphram. These are
modds on which potentia alternative assays may be based, however, incomplete evaluaionsof
thar quantitative paformance and robugness have hindeed their use as replacement test
methods Recently, Ipsen (Wrexham, UK) in collaboration with RegenTec (Nottinghan, UK)
have developed the use of isolated rat intercodal rib sectionsin an aterndive ex vivo
neuromuscular jundion assay (the Ontercosal NMJ AssayQ). This alternaive assay addresses
ethical and opeaationd condraints of alive animal assay. Here, we demondrate that the six
individud rat intercogtal nerve-muscle preparationsisolated from asingle animal@rib cage
provide avaluable source of highly similar preparationsfor an ex vivo neurotoxicity assay. A high
degree of structural smilarity was observed in terms of the anaomy of sections as highlighted by
the paternsof innavating neuromuscular jundions identified by acetylcholinesterase staining.
Similarly, the physological nature of theintercogal muscle sectionswas determined by ther

level of succinic dehydrogenase activity. Agan, no significant differences were observed between
sections In summary, our results confirm tha indgpendent intercogal nerve-muscle preparations
are anaomically and physologically similar in nature suppoting ther use in an ex vivo
aternative potency test such as thelntercogal NMJ Assay.

Ethical and Legd Statement: All animal work was conduded in accordance with the UK Animals
(Scientific Procedures) Act 1986
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Endo-EL I SA Bioassay of Live Botulinum Neurotoxins

Bal Ram Singh*?, Paul Lindd"?, and Shuowei Cai'?

'Botulinum Research Center, “Department of Chemistry and Biochemistry, University of
Massachusetts Dartmouth; and °BBTech, Inc.,, Dartmouth, MA 02747

We have developad antibodies agang purified and complex forms of botulinumneurotoxins
which can detect the toxin bdow 50 pg/ml concentration in a sandwich format, withoutany
additiond amplification. However, this approach only provides detection of thetoxin withoutany
distinction of denaured or live toxin state. To address this issue we have designed an approach in
which thetoxin is captured on amicrotiter plate by either monodond or polyclond antibodies
raised agang the heavy chan of thetype A botulinumneurotoxin (BoNT/A). The captured toxin
issubsequently incubaed with BONT/A neurond subgrate, SNAP-25-GST fugon protein or His-
tagged SNAP-25, andits cleavageisfollowed by subsequent determination of the cleaved
produd either by anti-SNAP-251gG directly or after capturing the produd with anti-GST
antibodies. In both cases the results suggested that antibody captured BoNT/A was fundiond and
its endopeptidase activity was monitored in the enzyme linked immuno®rbent assay (referred to
as Endo-EL1SA bioassay).

Theresults showed that BoNT/A boundto anti-heavy chan monodond/polyclond antibody
cleaved the SNAP-25in atime dependent manna, and significant cleavage occurred within the
first 20min. After 60 min incubaion about70% SNAP-25 was cleaved. This set of experiments
establish thefollowing points relevant to the use of this approach for designing non-animal based
bioassay of botulinumneurotoxins Anti-BoNT/A heavy chan IgG was able to capture thetoxin
onthemicroplate wells, the captured BoNT/A was enzymatically active, and the enzyme activity
was strong enoughto show significant SNAP-25 cleavage within thefirst 20 min of reaction.

The Endo-ELISA bioassay was foundto be effective for purified as well as naive BoNT/A
complex, and it worked in avariety of matrices, such as milk, wine and hongy.
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Development of High Affinity Monodonal Antibodies Specific for Botulinum Neurotoxin
Type A and a Sensitive Immunoassay with Detection Near that of the M ouse Bioassay
Larry H Stanker and Paul Merrill

USDA - Agriculture Research Service

800Buchanan St.

Albany, CA 94710

Clogridium botulinumneurotoxins (BoNT) cause severe and potentially fatal neuroparalytic
disease and are consdered the mog toxic biological agents known. BoNT issynthesized asa
single 150kDa precursor protein, which is cleaved to form two subunt polypeptides, linked by a
single disulfidebond. The @old standadCfor BoNT detection is themouse bioassay. Whilethe
assay it istime conuuming (up to 4 days) and lacks specificity, it has alimit of detectionin the
low picogram range Mog BoNT immunoassays reported appear to have much less sengtive than
themouse bioassay. In this study we describe the development of high affinity monodond
antibodies (Mab). These are |gG; and IgG2b subdass MAb®@ with kappalightchains They
specifically bind BONT serotype A and have measured Kd valuesin thelow pM range Western
blot andysis demongrated that four of the Mabs specificaly bind the 100kDa heavy-chan
subunt, in while oneof theantibodes specifically bindsthe 50Kdalightchan. Usingasimple
sandwich immunoassay format with a heavy-chan specific Mab for capture, adirectly labded
anti light-chan Mab for detection and aluminescent subdrate, detection of BoONT typeA in the
low picogram rangewas observed. Further characterization of these MADb and thar applicationto
rapid immunoassay formats will be discussed.



| CCVAM/NICEATM/ECVAM Workshop Poster Session Abstracts November 13-14, 2006

QUANTIFICATION OF THE ACTIVITY CAUSING FLACCID PARALY SIS OF
BOTULINUM NEUROTOXIN BY MEASURING THE COMPOUND MUSCLE ACTION
POTENTIAL (CMAP)
Y asushi Torii*, Motohide Takahashi?, Setsuji Ishide?, Takashi Sakamoto®, Tetsuhiro Harakawa’,
Akihiro Ginnagd, Shunji Kozaki*, Ryuji Kgji® (*Kaketsuken, Japan, *Nationd Ingitute of
InfectiousDiseases, Japan, *University of Tokushima, Japan and “Osaka Prefecture University,
Japan)

Purpose

Quantitative determination of botulinumtoxin usudly dependson the LD50 method after

mouse intraperitoned injection. Theindex of thismethodisthelethd activity of thetoxin, and
themethod requires a nunmber of mice. Asthemethod of direct determinaion of flaccid paralysis
after administration of thetoxin, themethod for testing qudity of toxin by determining compound
muscle action potential (CMAP) was examined.

Materials and methods

TypeA botulinumtoxin (Sor LL) solution was diluted serially so asto obtain 9 graded
doses. Each dosin 0.1 ml wasinjected into left hind gastrocnemius muscle of agroupof 5
anesthetized mice (SD strain). By use of stimulatory and recording electrodes inserted in the
gastrocnemius muscle near thelumbar vertebra, the maximum CMAP amplitudeof theinjected
muscle was determined by electromyography.

Results and discussions

CMAP amplitudewas on the decrease toward thefourth day after administration of the
toxin, and then recovered gradudly. Statistical andysis was made onthedaa of theld , the2nd,
the 4th, the 7th and the 14th day of administration. For example, dos respong was foundon
each dos, and alinear relation was observed between 0.01 and 30 mous ip LD50bodyon the
14 day (and between 0.01 and 1.0 mouse ip LD50Mbody on the 4th day), indicating the possibility
of theuse of CMAP methodfor quantitation of botulinumtoxin.

All studies were carried outin accordance with theguiddines of the Japanese Sodety of
Pharmacology on experimental animals and with approvd of the Animal Ethics Committee of our
inditute.



| CCVAM/NICEATM/ECVAM Workshop Poster Session Abstracts November 13-14, 2006

Assaysto Detect Active Botulinum Neurotoxin
Jng Xu, Jun Hang, JaHa Lee, Peixuan Zhu, Pete Amstutz, and ChaMei Tang
Creatv MicroTech, Inc., Potomac, MD 20854

Daniel Shdton
US Depatment of Agriculture BAgricultural Research Service, Beltsville, MD 20705

Mark Poli and Victor Rivera
U.S. Army Medical Research Inditute of Infectious Diseases, Fort Detrick, MD 21702

Clifford C. Shone
Health Protection Agency, Porton Down, Salisbury SP4 0JG Wiltshire, United Kingdom

Active BotulinumNeurotoxin (BoNT) serotype A cleaves SNAP-25 peptide at a specific location.
Detection of the cleaved SNAP-25 provides information on the activity and serotype of thetoxin.
Theassays are based on the use of antibody specific to SNAP-25 cleaved by BONT serotype A
developal by Dr. Shoneof Health Protection Agency. A proof-of-prindple enzymatic activity
assay isdemongrated.

Thedeection platform is the Integrating Waveguide Biosensor, which uses capillary tube
waveguides to detect low level fluorescence signds. Inthetest, BONT samples are incubaed
with a proprietary form of the SNAP-25 subdrate, and the enzymatic reaction produd is detected
by fluorescent immunoassay inddethe capillary waveguide Excitation lightimpinges onthe
waveguideat a 90%angle. Theemitted fluorescence signd is gahered efficiently by the
waveguide and exits at oneend througha set of lenses and optical filtersto an optical detector.
Emissionlightfromthe entire waveguideis integrated, thusincreasing the detected signd, while
backgroundnoise is minimized by excitation at a 90¥angle.

Preliminary dataindicates a detection level of 500pg/ml in athree hou test. Optimization of the
assay is expected to improvethelimit of detectionin the future.
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